ABSTRACT: Measurement of equilibrium mass fraction of a surfactant as a function of the sorbent mass fraction was performed on gel sorbentsolution systems in order to determine binding isotherms and to calculate fundamental characteristics of the solvation layer. With application of this new method it was possible to calculate specific solvation/sorption capacity and absolute average local composition of the solvation layer. It has been pointed out by systematic variation of the composition (hydrophobicity) and degree of cross-linking of the gel sorbents that the ratio of components in the solvation layer can be constant in a given range of equilibrium mass fraction of the sodium dodecylsulfate (SDS) and that the specific solvation/sorption capacity of gel sorbents can be much greater than that of activated carbon type adsorbents.On the basis of a mixed sorbent models it turned out from calculations that there is no preferential binding of SDS close to the chemical cross-links and the surfactant molecules prefer vinyl acetate groups as binding sites. The density of cross-links regulates the aggregation number of the bound surfactant as well. For loose gels both binding isotherms and swelling curves show that the surfactantpolymer interaction is a strongly cooperative process.The result of these experiments may influence general concept of solvation/sorption isotherms and all related phenomena. 
INTRODUCTION
The concept of phase introduced by J. Willard Gibbs defines perhaps the most important phenomenological model which is applied successfully in many branches of chemical science.
Without this, for instance, the thermodynamics or kinetics of chemical reactions could not have been developed. Definition of concentration of a given component in a system assumes also homogeneous spatial distribution of all components. However, crossing the boundary of contacting phases, changes in many properties take place localized at the interface due to the asymmetry of intermolecular forces at the interfacial zone. Not only a mechanical effect (interfacial tension) appears, but considerable difference, positive or negative, can occur between the local and bulk concentration. The local enrichment of one of the components of a mixture or solution may be called adsorption. The widespread occurrence of this interfacial phenomenon in the natural and artificial world as well as its many practical applications have been maintaining interest toward this field of colloid and interface science for long time.
18
However, such selective binding of one of the components of a mixture by a third component (sorbent) may frequently occur not only at different types of interfaces but inside homogeneous molecular systems like in electrolyte 913 , nonelectrolyte 14, 15 and polymer 1620 solutions, too.
This latter phenomenon is called selective or preferential solvation. It can be responsible for some kinetic 'solvent' effect and it may influence determination of molar mass of macromolecules in mixed solvents by light scattering (LS). 19 It can play important role in the conformational changes of biopolymers, too. 21 The experimental characterization of adsorption and preferential solvation depends on the separability of the sorbent together with its microenvironment from the rest of bulk solution. So, for instance, in the case of solid/liquid (S/L) interface the solid sorbent is usually in a separate phase hence it is possible to determine the change in concentration (mole fraction) of the equilibrium (supernatant) solution phase with the application of a suitable analytical procedure.
Separation is also possible for polymer solutions by making use of equilibrium dialysis. 22, 23 Amongst the methods without separation different kinds of spectroscopy (i.e. UV, Vis, NMR) and light scattering need to be mentioned. 16, 24, 25, 26 Such in situ measurements, however, often require additional assumptions in order to be able to provide information on local concentration. 27 In order to obtain an adsorption isotherm, in overwhelming majority of cases, the so-called 'batch' method is applied. In this case the equilibrium concentration (mole fraction) of one of the component of the mixture is measured at fixed value of mt/ms but at different initial mole fractions. Here mt is the mass of mixture or solution, ms is mass of sorbent and the ratio mt/ms is usually less than 10. It is a generally accepted view that the shape of isotherm does not depend on the ratio mt/ms; they are solely a function of the equilibrium mole fraction.
28
In one of our earlier study 29 adsorption experiments have been carried out in a radically different manner from the rest of literature: at constant mass of the mixture and initial mass fraction of one of the mixture component, w1,i, the mass of sorbent was varied. In other words:
at fixed mt and w1,i the mass of adsorbent or ws, the mass fraction of the adsorbent in the adsorption system was used as an independent variable. This treatment now may be called Sorbent Mass Variation (SMV) method. It has been shown by adsorption experiments performed on activated carbondilute aqueous 1-propanol system that the equilibrium mass fraction, w1,e, of 1-propanol was an unambiguous function of the sorbent mass fraction in a rather wide range (3  mt/ms  100). The positions of the w1,e = f(ws) functions were determined only by the initial mass fraction, w1,i. This paper is a continuation of our previous systematic studies on polymer gels and adsorption. Swollen synthetic polymer networks as sorbents have been chosen because inside they have no definite surface, the binding (preferential solvation) occurs in a separable, homogeneous phase and their chemical composition and structure can be much better varied and characterized than those of adsorbents based on activated carbon. It is known from the literature 30 that surfactants have binding isotherms of peculiar shape; therefore they can serve as good models for such investigations. Since SDS is a frequently used model in physico and colloid chemical studies and it has many practical applications, we believe that the complex approach and the SMV method together will results in a new and deeper insight into the nature of these very complicated polymer gelsurfactant systems.
In the present work first the condition of applicability of the adsorption formalism to swollen gels will be analysed and then a systematic experimental investigation of binding of SDS into poly(vinyl alcohol) based hydrogels of various compositions (hydrophobicity) and degree of chemical cross-linking will be presented and discussed.
THEORY
General Characterization of Adsorption Excesses. For quantitative characterization of adsorption/solvation layer the knowledge of local ratio of the components, the extent and structure of the adsorption/solvation layer would be necessary as a function of the composition of bulk solution. In majority of cases, however, only a quantity the so-called adsorption excess is available from experimental data. For instance, at an S/L type of interface, according to the widely used definition (recommended also by IUPAC) A specific surface excess,
can also be defined, or the surface excess amount can be referred to unit surface area of the adsorbent (surface excess concentration, i (n) ). Eq 1 essentially a measuring instruction and in itself it does not contain information on properties of the adsorption layer. There can be given, however, another relationship
where  i n is the specific surface excess, 3234 Thus, for some selected types of isotherms the composition of the adsorbed layer, the specific adsorption capacity and even the specific surface area of the solid adsorbent could have been approximated from adsorption data. 7, 35 In one of our earlier studies 29 
Here the negative sign originates from the accepted convention ( = final state  initial state).
w1,l is local (layer) average mass fraction of component 1 and k is the specific adsorption capacity; k = ml/ms, where ml = m1,l + m2,l +... is the sum of the masses of the components in the adsorption layer. The right-hand side of eq 3, in complete agreement with eq 2, gives the excess in a most instructive form: it is a product of specific adsorption capacity and the mass fraction (mole fraction) difference characterizing the selectivity of an adsorbent.
Relationships for Swollen Gels. 
From eq 6 the excess can be derived with similar algebra as has been given earlier 29 : 
As it is seen, the right-hand side of eq 7 contains an extra term compared it with eq 3 so, it cannot likely be used directly for determination of local (layer) composition and specific solvation capacity in a way as it was previously outlined. Similarly, in the case of an S/L type of interface the condition is ws,max  1/1+k. In both cases at
larger ws values the supernatant mixture or solution will not be present in the adsorption/solvation system.
EXPERIMENTAL SECTION
Materials. Some of the chemicals such as benzene, ethanol, HCl, NaOH, acetic acid, acetone were of analytical grade ( 99 %, Reanal, Hungary) and were used without purification. The The pure poly(vinyl alcohol) (PVA) and the random copolymers were prepared from the completely hydrolysed and partially fractionated POVAL 420 (Kuraray Co., Japan) sample. The copolymers were synthesized by reacetylating the completely hydrolysed and fractionated PVA with acetic acid in aqueous solution at 333 K. The so-called blocky type of copolymer was prepared by saponification of poly(vinyl acetate) (PVAc) (Mowilith50, Hoechst, Germany) dissolved in acetone with NaOH. All other details are given in earlier works. 3638 Some important characteristics of the linear polymer samples are summarized in Table 1 (S1, Supporting Info.). The higher softening temperature of the 'blocky' copolymer compared with that of the statistical copolymer sample indicates the presence of pure VOH blocks along the polymer chains.
36, 37
Preparation of Gels. 38 The hydrogels were synthesized in the form of 1 mm thick gel Once or twice a day all bottles were gently shaken to promote attaining equilibrium. Since scattering of the data calculated from measurements were smaller for the systems mt = 30.0 g, therefore majority of measurements were performed at this mt value. At equilibrium first 12 cm 3 of supernatant solution was quickly pipetted into one the of 1 cm cells of the interferometer while the other, for comparison, was filled with distilled water. The cells were then closed and placed into the interferometer cell holder in order to ensure constant temperature, 298 ± 0.02 K, for the liquids. The interferometer (ITR-2, Russia) was calibrated with a series of SDS solutions in the range 0 <w1 < 0.03 and the equilibrium mass fraction of SDS, w1,e, was calculated from the equation fitted to the experimental points of the w1 vs. readings curve. According to our experiences, the reproducibility of the readings was ± 1.0 scale division so the overall accuracy of determination of SDS mass fraction was estimated to be ± 12 10 5 . All of the remaining part of the system was poured into a Petri dish and most of the equilibrium solution was removed by a special pipette, then the liquid film adhered to the surface of the swollen gel pieces were blotted with filter paper. After measuring the mass of the gel, it was dried until constant mass, so from the mass of swollen gel and ms, the mass degree of swelling, qm, and For all systems shown in Figure 1 the solvation specific capacity, k sv , was found to be surprisingly large ( 10 g/g) compared it with that of the activated carbon of high specific surface area (0.50.6 g/g). 29 Also, the average mass fraction of SDS in the solvation layer (w1,l = 0.095) calculated from the slope and common intercept for systems 17.5/50/0.01152 and 17.5/50/0.01728 is more than ten times higher than its equilibrium values in the bulk phase (at In connection with eq 8 it is important to emphasize that it can be applied to describe any kind of we = f(ws) functions if physically sensible data are substituted into it. If, however, a system reaches its limit (ws,max = 1/(1+k sv )), then w1,i = w1,l, that means that supernatant mixture is not present any more in the adsorption/solvation system. If specific capacity is known, from rearrangement of eq 3, the local/layer average mass fraction of SDS can be calculated: 
The results for network of type 17.5/50, at four initial mass fractions of SDS, are shown in Figure 3 . As it can be expected, at w1.i = 0.00576 the saturation value of w1,l is lower than that at higher values of w1,i which, on the other hand, are practically independent of w1,i. This is again a new observation compared it with S/L adsorption system studied earlier. We have briefly discussed above the importance of the higher limit of ws but, when the SMV method is applied, it is necessary to analyse its lower limit, too. This latter can be easily obtained if the linear parts of any of the isotherms shown in Figure 1 is extrapolated to their initial mass fractions, w1,i. For systems with common w1,i no experimental point can exist beyond it. There is, however, another possibility as well. Namely, the partial differentiation of eq 8 with respect to ws gives an equation which, when ws  0 (and so w1,e  w1,i) reads
where the differential quotient can be calculated from the initial slope of the w1,e = f(ws)
function. The right-hand side of eq 10 is the specific solvation excess at this limit (differential or characteristic specific excess). Such points result in a function which does not depend on the ratio mt/ms: it depends exclusively on the equilibrium mass fraction of the adsorbate (SDS). At the same time, it is the definition of the characteristic isotherm. Its knowledge is very important for multisorbent systems or, if the sorbent has different independent binding sites. Namely, by making use of the additivity rule, the isotherms for each individual sorbent component or site can in principle be calculated. 41 It is not very well known that at finite values of ms the usual excesses are not independent of each other. Therefore, in general, such a calculation cannot be correctly performed. It is interesting to note that in theoretical works on light scattering from multicomponent polymer solutions 16, 17 the differential quotient in eq 10 is used as a measure of preferential solvation. In Figure 4 such characteristic isotherm is shown for network type 17.5/50 by making use of both methods for calculation of specific solvation excess at this limit.
It is the first time when a characteristic isotherm is determined for binding of a surfactant. From the plot given in Figure 4 absolute specific value of the amount of SDS bound to the polymer chain can be given in other units, too. So, it is 3.3410 3 mol/g, or 0.171 mol SDS/ mol repeat unit of copolymer. The reciprocal of the latter gives an approximate' stoichiometry' of the interaction: accordingly, nearly six repeat units (twelve C atoms in the main chain) bind one SDS molecule. In Figure 5 the comparision of a batch and two SMV isotherms illustrates again the possible difference between them some agreement can be found only around the linear descending parts. However, the most interesting observation is the stepwise change in the specific solvation capacity for system when the value w1,i is increased from 0.01152 to 0.02304 k sv drops from 22 g/g to 11 g/g while the specific amount bound remaines practically constant (k sv w1,l = 1.12 g/g).
The very large specific solvation capacity cannot be an experimental error because similar values were obtained for other systems as well and, as will be discussed in another paragraph, it is consistent with a geometric model of solvation of polymer chains. According to this view, it was assumed that the cross-link itself and its close molecular environment can be responsible for the effect observed. In our case four vinyl alcohol repeat units react with one mole GDA eliminating two moles of water so that in each chain 1,3 dioxane ring is formed which are then connected by a -(CH2)3-group. Thus, according to this local chemical structure we have defined the smallest cross-link as part of the whole network so that its molar mass, Mcr, was taken 212 gmol 1 . From this and from the repeat units/GDA molar ratio, as well as from the average molar mass of the repeat unit, the mass fraction of cross-links, wcr, could have been calculated. In other words, wcr measures relative contribution of the crosslinks to total mass of the dry network. In Figure 6 this is applied as independent variable to show variation of m1 sv,0 as a function of degree of cross-linking. As can be seen, in the case of the highest degree of cross-linking (here molar ratio (RU/GDA) was 10:1) the gels have nearly lost their binding ability and the relative amount of cross-links in the network was more than 35 mass per cent! All these mean that cross-links should definitely affect the preferential solvation of the copolymer chains in these systems. In order to estimate quantitatively the effect of crosslinks two 'mixed sorbent' models were chosen. In the first, zero excess was assumed for the cross-links, so in eq 10 w1,l = w1,i and the initial value, m1,in sv,0 , (when the effect of cross-link was considered to be negligible) was taken as 0.90 g/g. By making use of the additivity rule with k sv = 10 g/g and at w1,i = 0.0114:
The other model assumes total exclusion of SDS from the vicinity of cross-links so in this case in eq 10 w1,l = 0 and for the mixed sorbent 
The results are shown in Figure 6 as the two upper straight lines connecting the calculated points. Since the second term in eq 12 is small compared to the first one, the difference between the two models is small. At the same time, deviation from the experimental points is 
Eq 13 refers to all diffusible components. Since the gel phase has minimum two components (network polymer + solvent), besides a mixing term which represents the driving force for swelling, the term   gel i   , as a consequence of swelling, should contain an additional contribution coming from deformation of the network. So, if no outer force or extra pressure is acting on a swollen network, the equilibrium condition can be given as
where Pel is the so-called elastic potential, As examples, in Figure 8 the dependence of qm on equilibrium mass fraction of SDS is shown for some selected systems. The similarity to and the close connection with the shape of the solvation isotherms (cf. Figure 1 ) is obvious and it can be unambigously stated that the large change in degree of swelling is a consequence of transformation of neutral polymers into pseudo-polyelectrolytes through binding negatively charged SDS molecules to the network chains. The abrupt changes observed for some of the networks result in two-state type (switch on and off) systems which are very sensitive to the compositional variation of the environment.
Similar phenomena were observed for other systems, too. 45, 46, 47 If one were able to remove the bound SDS molecules from the solvation layer at molecular level by any special means, it would be possible to stimulate such kind of thin gel fiber resulting in a quick change, let us say, in its length. One possibility to do so is to apply competitive interaction by adding a new component to such a system. It has been shown by some preliminary experiments that addition of some amount of -cyclodextrin or 1-propanol at the swelling maximum to a PVAcSDS gel caused sharp decrease in degree of swelling which, on the other hand, indicates the complete reversibility of binding. In Figure 9 the dependence of degree of swelling and solvation specific capacity are given as a function of degree of cross-linking. According to eq 5, qm,max should always be greater than even the largest capacity value and it is a quickly decreasing function of the degree of cross-linking. At the same time, solvation specific capacity, k sv , disregarding from the initial jumplike change, is nearly constant then it begins to decrease slowly parallel with qm,max.
Simple Geometric Model of the Solvation Layer. In order to find explanation for the high specific solvation capacity values a cylindrical core/shell geometric model was put forward: if the diameter of the core is dcore and the outer diameter of the shell is dshell then, the maximum available 'volumetric' specific capacity can be calculated if the dshell/dcore is assumed to be three (monolayer formed around the core):
In this case the simplest model gives Table 3 . and Figure 2 ., Supporting Info.
S4 and S5.)

CONCLUSION
According to a classification of S/L isotherms by Kipling-Schay-Nagy 6,28 our SMV isotherms correspond to type III or type IV with differences that, instead of a continuously increasing ascending part, the binding isotherm of SDS is of sigmoidal shape and shifted to the very low (10 4 ) mole fraction range. This finding is very important from another point of view as well; in this case the SMV and batch isotherms partly coincide so they mutually support the accepted view on constancy of layer composition in the linear region. 35 If the range of composition available is strongly limited, for instance by the limited solubility of the adsorbate, then the SMV method is superior to any others: it requires only one initial concentration to determine local characteristics of an adsorption/solvation system.
On the basis of the present and our earlier works 29, 41 it is assumed that deviation between the SMV and batch isotherms is a general phenomenon and the coincidence of the two kinds of approximation is an exception. The shape and position of the w1,l vs. w1,e functions is the key factor to understand the situation. If they have a horizontal (constant) part as w1,e  w1,i and value of w1,l depends also on w1,i, separation should result. If, however, w1,l is constant (i.e.
independent of w1,e and w1,i) in a wide range of mass fraction, w1,e, then, both points belonging to a batch isotherm and SMV points, including the characteristic points of the SMV isotherm, fall on the same linear function.
The structure of networks affects not only the local average composition but the structure of the solvation layer, too. Namely, it is assumed that to gels of the two highest degree of crosslinking, the SDS molecules bind one by one in a 'singlet' form; at moderate degree of cross- The SMV method opens up several new possibilities for further research: in order to ensure its widest generality it would be important to test its applicability for classical systems by independent laboratories. Theoretical works are needed to prove unambigouosly the shape of the w1,l = f(w1,e) functions found experimentally in the present and earlier 29, 41 works. It would be very interesting to use this consideration when the so-called in situ methods are applied for determination of local composition. A very essential problem: how the SMV method can be 29 applied to different types of interfaces. The experimental facts in this and our earlier works 29, 41 have convinced us that the concept of SMV isotherm is a powerful one and may contribute to understanding better solvation/adsorption phenomena. A succesful generalization would mean that some of the accepted rules and definitions concerning preferential solvation and adsorption need to be supplemented and modified.
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